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Abstract 
In Japan, the seismic behavior of the bridge structures is a much under-researched area of the civil engineering field 
since bridges have enormous importance and number for providing connection between the scattered islands. In this 
sense seismic design and analysis methods are paid much attention to get optimum behavior under severe earthquakes 
during bridge service life. In this paper, the retrofitting process of an existed upper-deck type steel arch bridge located 
in the Ground Type I which include good diluvial ground and rock is investigated. Since the bridge has been designed 
by the old code of 1980, it is in need of retrofitting. As a first step of dynamic response analysis, the dynamic 
characteristics along both longitudinal and transverse directions are analyzed by eigenvalue analysis to figure out the 
natural behavior under the dead load. The nonlinear dynamic response analysis is conducted under Hyogoken Nanbu 
earthquake occurred in 1995. After detecting the critical sections as abutments the viscous dampers are installed to 
increase the seismic performance of the bridge under severe earthquakes. The comparative results between undamped 
and damped structures are presented in terms of acceleration and displacement values at the critical points to evaluate 
the advantages of dampers. By this research, an application of seismic retrofitting and isolation methods are presented. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The arch bridges in Japan were conventionally analyzed as its behavior under seismic loads is always 
in elastic range due to its construction in mountainous areas. However after 1995 Hyogo-ken Nanbu 
earthquake the revised specifications for highway bridges have stipulated to reveal the inelastic behavior 
of all types of bridges. Plenty of researches represent three dimensional nonlinear dynamic response 
analyses are sufficient to understand dynamic responses of bridges. The dynamic analysis of a typical 
steel arch bridge under major earthquakes and seismic performance evaluation procedure are presented as 
Part I by Usami et al. 2004 and Lu et al. 2004 respectively. Cetinkaya et al. 2006 investigates a static 
analysis-based method instead of time-consuming dynamic response analysis applying on the models 
with different arch-rise to span ratio and arch rib spacing. Another method to evaluate seismic 
performance of steel arch bridge is done using pushover analysis by Lu et al. 2004. Kawashima et al. 
2000 and Wu et al. 2006 have studies on concrete arch bridges and concrete filled tubular arch bridges, 
respectively. Furthermore the retrofitting processes are of great significance for the existing bridges 
which are in need of more seismic performance after the many destructive earthquakes in Japan. Usami et 
al. 2004 represents an exemplary study with buckling-restrained braces to upgrade the seismic behavior of 
an arch bridge.  
In the present study the steel arch bridge is investigated by means of the nonlinear dynamic response 
analysis under seismic load Level 2 Type II (an inland direct strike type earthquake- Hyogo-ken Nanbu 
earthquake). Also to increase energy absorption of bridge, the critical sections of bridge are determined as 
abutments and viscous dampers are supplemented to the system. Consequently the dynamic responses of 
the undamped and damped structures are compared and the efficiency of the viscous dampers is clearly 
carried out.  
2. The Analytical Model 
2.1. Structural Members 
The arch bridge studied in this paper is an upper-deck type steel arch bridge with reinforced concrete 
deck slab. The total length of the deck and available width are 90.0 m and 8.1 m, respectively. RC deck 
slabs are supported by two main longitudinal girders attached transverse girders and diagonal members. 
The twin steel arch ribs connected by transverse and diagonal members have a span of 60.0 m and a rise 
at the crown of 13.0 m which gives a rise-span ratio of 1:4.61. The side piers consist of transverse and 
diaphragm steel elements differently from other piers. The connection between arch ribs and main 
longitudinal girders are supported by 11 piers at the intersection joints between the main ribs and 
transverse bracings. Both ends of the deck are supported by two end abutments. The overview of the 
bridge is shown in Figure 1. 
The thickness of RC deck slab is 230 mm made of the concrete which has the strength of 24 N/mm2 
and the SS400 type reinforcement. The steel members consist of two types steel, SMA490AW-BW (yield 
stress, ıy=355 MPA; Young’s Modulus, E=206 GPA and Poisson’s ratio ȣ=0.3) and SMA400AW-BW 
(ıy=235 MPA, E=206 GPA, ȣ=0.3). 
All steel members are modeled as linear beam elements while the RC member is modeled as a lumped 
mass model making an assumption that the mass of deck slab is gathered at the center of deck supported 
by two dummy rigid bar connected to longitudinal girders on the transverse members as seen in the 
Figure 2. The foundations and abutments are modeled as spring element.  
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2.2. Boundary Conditions 
The boundary conditions of the bridge are as seen in the Table 1. The abutments are movable only 
along the longitudinal axis without rotations and displacements to the other directions. All piers that are 
restraint to the displacements can rotate about to Y and Z axis. Since the foundations and abutments are 
modeled as a spring element their boundary conditions are spring.  
Table 1: Boundary Conditions 
Location X Y Z șx șy șz 
Abutments Free Restraint Restraint Restraint Restraint Restraint 
Piers Restraint Restraint Restraint Restraint Free Free 
Foundations Spring Spring Spring Spring Spring Spring 
 
 
 
 
 
 
 
 
 
 
Figure 1: Overview of the structure. 
3. Eigenvalue Analysis 
The eigenvalue analysis is conducted as a first step of dynamic response analysis under the dead load 
to understand the behavior of bridge. Table 1 shows the natural periods, frequencies, effective masses and 
mode shapes. The predominant eigenmodes of the structure are 1st, 4th and 13th modes along longitudinal 
direction and 2nd and 25th modes along transverse direction.  
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Table 2: Eigenvalue analysis results 
Mode Frequency (Hz) 
Natural 
Period (sec) 
Effective Mass Ratio (%) 
Longitudinal Transverse Vertical 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
1.521 
1.847 
2.353 
2.645 
3.327 
3.331 
4.138 
4.407 
4.432 
4.518 
4.523 
4.692 
4.768 
4.955 
4.955 
4.978 
4.978 
5.039 
5.120 
5.515 
5.877 
5.936 
6.339 
6.490 
6.620 
0.657 
0.541 
0.425 
0.378 
0.300 
0.301 
0.242 
0.223 
0.226 
0.221 
0.221 
0.213 
0.210 
0.202 
0.202 
0.201 
0.201 
0.198 
0.195 
0.181 
0.170 
0.168 
0.158 
0.154 
0.151 
15 
0 
0 
24 
0 
0 
0 
0 
0 
0 
0 
1 
18 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
33 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
23 
0 
0 
13 
0 
6 
1 
0 
0 
8 
8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
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(a)          Mode 1                Mode 4                  Mode 13 
            
(b)            Mode 2                             Mode 25 
Figure 2: Predominant eigenmodes (a) longitudinal direction (b) transverse direction. 
4. Dynamic Response Analysis 
The analysis are done under the major earthquake namely Hyogoken Nanbu occurred in 1995 which 
refers to Level 2 n the Highway Bridge Specifications published by Japan Road Association. As seen 
from the acceleration versus time diagram, the maximum acceleration is 812.02 m/sec2 at 5.5 sec. The 
analyzing results are obtained using TDAP III software which has the main purpose of conducting three-
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dimensional dynamic analysis. The differential equations in finite element analysis are solved by 
Newmark-ȕ method. The time intervals of the integration and the damping coefficients for steel elements 
are set to 1/500 sec and 0.02, 0.03, 0.05, respectively. In this paper an application of viscous dampers and 
upgrading seismic performance of an existing bridge are carried out. 
 
Figure 3: Level 2 Type II accelerogram. 
5. Results 
Since the longitudinal excitation of the earthquake is subjected to the structure, the responses showed 
larger value along corresponding direction. When the undamped structure is subjected to the major 
earthquake the displacement at the abutments is 14.7 cm and acceleration at the center section is 20.3 
m/sec2. However after application of viscous dampers the responses decreased to 3.42 cm and 8.53 m/sec2, 
respectively. 
 
Figure 4: The displacement and acceleration responses of undamped structure. 
 
Figure 5: The displacement and acceleration responses of damped structure. 
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When the comparison is done between undamped and damped structures, the displacement value is about 
4 times, the acceleration value is about 2.5 times lower in the damped structure. 
6. Conclusions 
Seismic isolation and vibration control methods are currently developing research area in the bridge 
engineering field. This study presents an application method so that the bridge is upgraded its seismic 
performance by viscous dampers with velocity dependency under major earthquakes. According to the 
results compared between undamped and damped structures, viscous dampers are quite effective in terms 
of increasing energy absorption.  
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